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Summary. Decaying petioles of giant hogweed, Hera- 
cleum mantegazzianum Sommier & Levier, are used as a 
breeding site by six species of Drosophila and the 
drosophilid Scaptomyza pallida. The most numerous 
parasitoid species associated with this con~munity is Lep- 
topilina australis. Because L. australis was previously 
unknown in western Europe, we present the characters 
to distinguish it from its close relative L. clavipes. Experi- 
ments on host species selection and survival of L. aus- 
trails showed that this parasitoid mainly uses D. limbata 
as host. Olfactometer experiments showed that L.  aus- 
trails is attracted by the odour of decaying hogweed 
stalks, especially when these contain larvae of D. limbata. 
L. australis is also strongly attracted by the odour of 
stinkhorns, a habitat in which it has never been found in 
nature. D. phalerata is the dominant fly species in stink- 
horns, and is not a host of L. australis. We offer a 
possible functional explanation for this unexpected hab- 
itat choice, by showing that D. transversa and D. kuntzei, 
both species found to breed in fungi, are also suitable 
hosts for L.  australis. We also discuss habitat choice with 
regard to a proposed phylogeny of the Leptopilina species 
in temperate Europe. Finally, we discuss niche overlap 
of L.  australis with the other Leptopilina species. 
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I11 a revision of the eucoilid genus Leptopilina, Nordlan- 
der (1980) mentions five species occurring in Europe. All 
these species are known to be larval parasitoids of 
drosophilid flies, except for L. lonyipes, of which the 
biology is still unknown. L. heterotoma and L. boulardi 
(Barbotin et al.) are primarily parasitoids of fruit inhabit- 
ing Drosophila species. The latter species is in Europe 
restricted to the Mediterranean basin, and is mainly a 
parasitoid of D. melanogaster and D. simulan.~. 
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L. heterotoma occurs throughout Europe and is generally 
found as a parasitoid of Drosophila species of the obscura 
group. L.  dutiipes breeds mainly in fungi, where it is a 
parasitoid of D. phalerata (Driesscn et al. 1990; van 
Alphen and Vet 1986) and L.jimbriata is found in decay- 
ing vegetable matter where it attacks Scaptomyzapallida. 
(van Alphen and Vet 1986). All these species of Lep- 
topilina are therefore ecologically separated either by 
distribution, by microhabitat choice and/or major host 
species. 
In the summer of 1984, it was discovered that dccay- 
ing petioles of giant hogweed, Heracleum manteqazzian- 
um Sommier & Levier, were used as a breeding site by 
Drosophilu spp. (see Janssen et al. 1988). H. man- 
tegazzianum is an umbelliferous ornamental plant from 
south west Asia, introduced and naturalised in Europe. 
When the plants flower in June, the rosette leaves wither 
and the large fleshy petioles fall down and begin to decay, 
providing a breeding site for drosophlid flies from mid- 
June till August. Decaying petioles from non-flowering 
rosette plants are available as breeding site until the end 
of October. While we were catching Drosophila, adult 
eucoilid parasitoids were found searching on decaying 
stalks of H. manfegazzianum. Among these Leptopilina 
heterotoma, L .  clavipes and L. fimbriata were present, but 
the most numerous parasitoid found was L.  australis. 
The biology of L .  australis was previously unknown, and 
it had only been recorded from its type-locality in the 
Armenian SSR (Belizin 1966). In addition to materials 
from the Netherlands and Armenia, we have now also 
examined specimens of this species from northern Yugo- 
slavia. L. australis was originally described in the genus 
Rhoptronieris and its formal transfer to Leptopilina is 
made in Nordlander and Grijpma (in press). 
In this study we provide the results of experimental 
work with L. australis delineating its niche among west- 
ern European Leptopilina species parasitizing drosoph- 
ilid larvae. We also discuss habitat choice with regard to 
a proposed phylogeny of these species. To determine the 
niche of L. australis, we studied the subsequent steps in 
its searching behaviour. Parasitoids must first locate the 
Table 1. Selected characters for separating Character L. australis and L. clavipes from other Eu- Character states 
ropean Leptopilina species and for distin- 
guishing between L.  australis and 
L. clavipes 
Row of long hairs along sides of 
mesoscutum 
Sculpture on scutellum (outside 
scutellar plate) 
L. australis and 
L.  clavipes 
Other European 
Leptopilina species 
Present Absent; 1-2 such hairs 
present posteriorly 
Almost uniformly Sculpture partly reduced 
areolaterugose both on and/or modified on sides 
sides and dorsal surface and often also on dorsal 
surface 
Character Character states 
L. australis L.  clavipes 
Shape of scutellar plate 
Pubescence on upper surface of 
hindwings 
Club segments of female antcn- 
nae (= apical thickened seg- 
ments having placodeal sensilla 
[rhinaria]) 
Colour of male antennae (note: 
males are very infrequent in 
both species) 
Materials and methods 
Narrow, widest near Wide, almost oval, widest 
posterior end near centre 
Almost entirely pubescent Inner half almost nude, 
outer half sparsely 
pubescent 
Club distinctly Club indistinctly delimited, 
7-segmented usually including 
6 segments but sometimes 
7 or even 8 segments 
habitat of potential hosts, then they must search for 
hosts, and select suitable ones for oviposition (van Al- 
phen and Vet 1986). Differences in host-habitat finding, 
host selection and the probability of survival of their eggs 
in a potential host species determine differences in niche 
between parasitoid species. 
Identification of purusitoids 
All Leptopilina species mentioned in this study, apart from 
L.  australis, can be identified by using the keys, figures, and descrip- 
tions in Nordlander (1980). Although L. australis is similar to 
Host habitat 
PM FI Kl SF 
helerotoma (X)  (X) X X 
Entirely dark brown Basally brownish yellow 
(first 2-4 segments), then 
gradually darker brown 
towards apex 
Fig. 1. Phylogenetic relationships of NW European Leptopilina 
species according to a cladistic analysis, based on external structure 
(Nordlander unpublished). Host habitats utilized by the parasitoid 
species are indicated as follows: PM=decaying plant material, 
FI=fungi, FT=fruits, SF=sap-fluxes from trees (habitats of sec- 
ondary importance within parentheses) 
L. clavipes in its general appearance, we have found several charac- 
ters separating the two species. Some useful characters for recogniz- 
ing L.  australis and L. clavipes are presented in Table 1. Many 
additional characters, usually less conspicuous, were used for con- 
structing the cladogram in Fig. 1. It should be noted that the 
character states shared by L. australis and L. clavipes in Table 1 
were considered as symplesiomorphies and thus not used as ev- 
idence for a close relationship between these two species. 
Breeding of flies and parasitoids 
To breed parasitoids and drosophilid flies from field collected 
petioles, decaying stalks from H. mantegazzianum were collected in 
the field and placed in containers on top of a layer of wet vermiculite 
to prevent desiccation. Containers were placed in insect cages at 
20' C, under a natural light regime, and kept until insects emerged. 
Emerging drosophilid flies and parasitoids were removed daily 
with an aspirator and anaesthesized with C 0 2  to allow determina- 
tion of live specimens. Emerged insects were either preserved in 
alcohol or used to start laboratory cultures. Collections were made 
both in the town of Wassenaar where a large population of H. man- 
tegazzianum was present in the woods of an estate called Zuidwijk, 
and in the garden surrounding the old Observatory in the city of 
Leiden, both in the west of the Netherlands. Drosophila limbata was 
reared on a medium of Heracleum petioles homogenized in a blend- 
er and boiled with 20 g agar, 10 g brown sugar and 10 g dried yeast 
per liter. Jars containing a layer of 2 cm of this medium were placed 
in an insect cage and adult D. limbata were allowed to oviposit for 
24 h. Jars were then closed with a foam plastic stopper and either 
kept for 2 days, when the larvae were the right size to be exposed 
to parasitoids or until flies emerged. D. immigrans, D. busckii, 
D. subobscura, D. phalerata, D. transversa and D. kuntzei were 
reared in a similar way. D. fenestrarum and Scaptomyza pallida 
were reared in jars containing decaying beet leaves on top of moist 
vermiculite. 
Leptopilina australis was reared by placing 2-3 adult female 
parasitoids in jars containing early second instar larvae of D. lim- 
bata. After a week, host pupae were washed out of the medium and 
placed in jars with a bottom of moist vermiculite, to prevent mite 
infections. A new generation of parasitoids emerged from the host 
pupae 24-30 days later. Flies and parasitoids were reared at 20Â C 
and 16 h light, 8 h darkness. Adult parasitoids were stored at  13' C. 
Olfactometer experiments 
To study microhabitat choice by L. australis, a four-armed airflow 
olfactometer was used, originally described by Petterson (1970). For 
a detailed description of the set-up in our laboratory, see Vet et al. 
(1983). Four experiments were done. 
In the first experiment we studied olfactory responses of 
L. australis to three potential Drosophila breeding sites: decaying 
plants (petioles of H. mantegazzianum), decaying fungi (Stinkhorni, 
Phallus impudicus) and fruits (fermenting apple). P. impudicus was 
chosen because it constitutes the most important breeding site for 
for fungivorous Drosophila species and their parasitoids during a 
major part of the season (Driessen et al. 1990). Apple was chosen 
as an example of a substrate undergoing alcoholic fermentation. It 
is the main breeding site of fructivorous Drosophila species and their 
parasitoids in the later part of the season (Janssen et al. 1988). These 
substrates were left to ferment for 96 h in the absence of adult flies 
and larvae at 20' C .  After this period all substates were decaying 
well. Of each substrate 6 g was placed in a bait jar connected to one 
arm of the olfactometer. The bait jar at the fourth arm was left 
empty. 
In the second experiment we studied whether L. australis females 
are attracted to the odour of decaying El. inantegazziunum and/or 
odours produced by adult and larval D. limbata. Deep-frozen hog- 
weed petioles were allowed to defrost at room temperature and cut 
in two lengthwise. Half of each stem was placed in a open plastic 
box on top of wet vermiculite and left to decay at 20' C for 96 h. 
One half was placed inside a cage with adult D. limbata, so that 
D. limbata could oviposit in it and seed it with yeasts and/or 
bacteria. The other half was placed next to  the cage, protected from 
fly visits with a fine mesh. Of each half, 6 g was placed in a bait jar 
connected to one arm of the olfactometer. The bait jars attached to 
the other two arms were left empty. 
In the third experiment we studied whether host species specific 
odours play a role in the attraction of L. australis to different 
micro-habitats. The experiment was similar to the first one, except 
that 72 h before the experiment adult flies were allowed on the 
substrates for 24 h. Shortly before the experiment the number of 
larvae present per 6 g of substrate was adjusted to about 20. 
D. limbata larvae were used in the H. mantegazzianum substrate, 
D. phalerata in the P. impudicus substrate and D. subobscura larvae 
in the apple substrate. 
In the fourth experiment we tested whether attraction of 
L. australis by stinkhorn depends on the host species present. Phal- 
lus baits were prepared as in the first experiment. One hour before 
the experiment, about 20 larvae of either D. phalemta or D. limbata 
were placed into the substrate. One bait arm flask contained Phal- 
lus+ D. phalerata larvae, the other Phallus+ D. limbata larvae, the 
third bait arm contained Phallus without larvae and the fourth bait 
arm was left empty. 
In each experiment 40 or 80 L. australis females 4 Â  1 days old 
were tested. The parasitoids had no previous experience with hosts 
or substrates. Prior to the experiments, parasitoids were kept a t  
20Â C in vials with an agar bottom and sugar water on a piece of 
blotting paper as a source of carbohydrates and moisture. Each 
parasitoid was tested individually. After introduction into the arena 
all movements of the wasp were recorded on videotape. Wasps were 
observed for 10 min or until they walked into one of the tubes 
connecting the bait jar with the exposure chamber. Walking into a 
tube was considered a final choice of the parasitoid. 
To test the possibility that the results of the olfactometer experi- 
ments reflected laboratory artefacts, a field experiment was done 
(Eijs and Visser, unpubl.) to study the attractiveness of the three 
potential Drosophila breeding sites: decaying plants (petioles of 
D. mantegazzianum), decaying fungi (Phallus impudicus) and fruits 
(fermenting apple). Petri dishes (14 cm diameter) with a bottom 
layer of humid verrniculitc contained either two 10-cm-long pieces 
of decaying petioles of H. mantqazzianum with 20 larvae of D. Um- 
bata, or half a decaying P. impudicus with 20 larvae of D. phalerata, 
or half a fermenting apple with 20 larvae of D. subobscura. Five 
petri dishes of each substrate were prepared and placed in three 
rows on the floor of an open oak wood with 2.5 m distance between 
the dishes. A cylinder, diameter 13.5 cm, height 7 cm, of metal mesh 
with holes of 2 nun was placed in each petridish with the lid of the 
petridish on top of the cylinder. This allowed access to the sub- 
strates of small insects like Drosophila and its parasitoids, but 
prevented disturbance by larger animals. One hundred L. australis 
females, marked with a small dot of white acrylic paint on top of 
the scutellum, were released in groups of five on the forest floor 
between the baits. Every hour the substrates were examined and 
searched for marked individuals of L. australis. The number of 
hourly observations collected in this way is a function of both the 
number of parasitoids arriving on a substrate and the time they 
spend on the substrate. The experiment lasted 2.5 days. On the 
second and the third day 10 unparasitized host larvae were added 
to each substrate, to prolong its attractiveness to the parasitoids. 
The experiment was repeated with L. clavipes marked with yellow 
dots, to allow a comparison between L. australis and L. cluvipes. 
Host selection experiments 
Fifteen or 30 larvae of both D.phalerata and D. limbata were placed 
into a petridish (diameter 5 cm) in a thin layer of live baker's yeast 
on top of a bottom of H. mantegazzianum medium. One of the two 
host species was made recognizable by feeding the larvae with yeast 
coloured with carmine for 24 h prior to the experiment. This gener- 
ally does not affect a parasitoid's selection behaviour (van Alphen 
and Nell 1982). A single female L. australis, 4Â 1 days old, without 
previous oviposition experience was allowed to search for 30 min, 
and her behaviour was continuously observed. Encounters with 
hosts of both species. and whether these resulted in rejection or 
oviposition were recorded. When a larva was parasitized during an 
experiment, it was carefully removed with a wet paintbrush, and 
replaced by an unparasitized larva of the same species. A host is 
rejected when the ovipositor pierces the host's skin, but is with- 
drawn after less than 5 sec. An oviposition occurs when the oviposi- 
tor is fully extended and held for at least 18 sec in the host. No 
handling times between 5 and 18 scc were observed. 
Survival experiments 
60 early second instar larvae of a fly species were placed into a 
petridish (diameter 5 cm) in a thin layer of live baker's yeast on top 
of a bottom of H. manteqazzianum medium. Larvae of D. fe- 
nestrarum and S. pallida were placed in a layer of decaying beet 
leaves on top of a H. mantegazzianum medium. One or two L. aus- 
tralis females were introduced and hosts seen to be parasitized were 
collected in a jar with H. mantegazzianum medium. We dissected the 
first five hosts collected to test whether the observed oviposition 
behaviour always resulted in an egg in the host. We always found 
an egg in hosts in which oviposition had been observed, showing 
that our method of collecting parasitized hosts is reliable. Of each 
host species, if possible, a t  least 100 parasitized larvae were collect- 
ed. The same number of unparasitized larvae was reared under 
identical circumstances to estimate host mortality other than that 
caused by parasitism. Jars with both host types were stored at 20' C, 
16 h light, 8 h dark, until flies and wasps had emerged. Puparia were 
examined to count diapausing parasitoids and flies which died 
inside the puparium. 
Table 2. The Drosophila species and their 
,,rosophmds Eucoilid parasitoids Braconid parasitoids larval parasitoids reared between 1985 and 
1990 from Heracteum mantegazzianum D. subobscura Collin Leptopilina australis Asobara rufescens 
(Belizin) Forster 
D. immigrans L. clavipes (Hartig) Aphaereta scaptomyzae 
Sturtevant Fisher 
D. busckii Coquillet L. jimbriata (Kieffer) Tanycarpa birolor Nees 
D. limbata von Roser L. heterotoma (Thornson) 
D. phalerata Meigen Kleidotoma dolichocera 
Thomson 
D. kuntzei Duda K. ( ?J psiloides 
Westwood 
D. fenestrarum Fallen Kleidotomu sp. 
S. pallida (Zetterstedt) 
Table 3. The number of final choices of in- Exp. nr. substrate: No choice Total y2, P 
experienced L. australis females for differ- 
ent substrates in the four series of olfac- 
tometer experiments 1 P. imp. H. mant apple blank 53.8 30 5 3 2 0 40 P<O.OOl 
2 H. mant H. mant blank no choice 169.9 
+ L  
61 12 3 4 80 P< 0.001 
3 P. imp H. mant apple blank 57.3 
+ D. plzal + D. Urn. + D. sub. 
29 8 0 1 2 40 P < 0.00 1 
4 P. imp. P. imp. P. imp. blank 26.7 
+ D. aha/ + D. limb 
Results 
Table 2 lists the Drusuphilu species and their larval par- 
asitoids bred between 1985 and 1990 from H. man- 
tegazzianum. The species composition shows a remark- 
able feature of this breeding substrate: species associated 
with decaying plants, fungi and fermenting fruits are all 
present: D. fknestrarum and S. pallida are typical of 
decaying plant matter, while D. subobscura and D. immi- 
grans are opportunistic species breeding in all substrate 
types, but most numerous in fermenting fruits. D. busckii 
is a species found both in fungi and decaying plants, 
whereas D. phalerata and D. kuntzei are fungal breeders. 
Natural breeding sites of D. limbata were unknown, 
though Hummel et al. (1979) found the species breeding 
in large numbers on rotting cucumbers in glasshouses in 
the Netherlands. D. Hmbata and D. immigrans were the 
most numerous species, each accounting for about 40% 
of all flies. The other species occurred in small, varying 
numbers. 
All emerging L. australis were females: L. australis is 
like L. clavipes a thelytokous species. Most subsequent 
generations in the laboratory have been all female, but 
from a large sample of wasps emerging from diapause, 
seven were male. These males readily courted females, 
and the females readily accepted courting males for 
mating. 
The offspring of the mated females was again all 
female. 
Table 3 summarizes the results of the olfactometer 
experiments : L. australis females arc attracted to both 
fermenting H. mantegazzianum and P. impudicus, but 
hardly to fermenting apple (experiment 1 and 3). When 
the wasps can choose between H. mantegazzianum and 
P. impudicus, most wasps choose P. impudicus (experi- 
ment 1 and 3). Attraction of both H. mantequzzianum 
(experiment 2) and P. impudicus (experiment 4)  is much 
stronger when these substrates have been visited by adult 
hosts and contain host larvae. No difference in attraction 
was found between P. impudicus substrates containing 
larvae of D. phalerata and those containing D. limbata 
larvae (experiment 4). 
In the field experiment most marked L. australis 
females were observed on H. mantegazzianum (63%), 
though large numbers were also observed on P. im- 
pudicus (33%) and a few on apple (4%) during the 2.5 
days of observation (Table 4). This shows again that 
L. australis is attracted to both giant hogweed and stink- 
horn and much less to apple and confirms the results of 
experiment 3. The majority of L. clavipes females (79%) 
Table 4. The number of observations of marked individuals of 
L. clavipes and L. australi.~ on different substrates in a field experi- 
ment 
Phallus Heracleum Apple Total 
impudicus mteqazzia  
L. australis 20 1 380 21 602 
L. clavipes 269 66 6 341 
were observed on stinkhorn, though a considerable num- 
ber (19%) were observed on giant hogweed and a few on 
apple (2 %). 
All attempts to collect larvae parasitized by L. aus- 
trails of D. busckii, D. fenestrarum, D. immigrans, 
D. phalerata and D. subobscura failed. Though these 
species breed in decaying H. mantegazzianum petioles, 
they are evidently not hosts of L. australis, because they 
are rejected whenever encountered. Larvae of D. limbata, 
D. kuntzei and S. pallida are always accepted for oviposi- 
tion when encountered. Some females oviposited in 
D. transversa, while others refused to oviposit in this 
species. Because L. australis is strongly attracted by the 
smell of P. impudicus, detailed host selection experiments 
with the dominant fly species in this substrate, 
D. phalerata and its main host in H. mantegazzianum, 
D. linzbata, were done. The results of both series of 
experiments (Table 5) confirm that D. phalerata is not a 
host of L. australis: larvae are always rejected when 
encountered, whereas larvae of D. limbata are almost 
always accepted. Because L. uustralis never oviposited in 
Table 5. The number of ovipositions and rejections of D. limbata 
and D. phalerata larvae by L. australis females in choice experiments 
Experiment nr D. limbata D. phalerata 
accepted rejected accepted rejected 
1 2 1 0 4 
2 4 1 0 5 
3 5 1 0 7 
4 7 0 0 7 
5 7 1 0 12 
6 9 0 0 10 
7 10 0 0 8 
8 8 1 0 5 
9 14 0 0 5 
10 2 1 0 2 
Total 68 6 0 65 
f2=113.3; P<0.0001 
Table 6. Survival of L. australis in larvae of three host species 
Total Nr. Flies Parasitoids 
number reaching 
pupal 
stage 
D. limbata 
Parasitized 
Unparasitized 
D. kuntzei 
Parasitized 
Unparasitized 
D. transversa 
Parasitized 
Unparasitized 
S. pallida 
Parasitized 
Unparasitized 
D. busckii, D. fenestrarum, D. immigrans, D. phalerata or 
D. subobscura no data on survival of its eggs in these 
species could be obtained. Table 6 shows the results of 
the survival experiments for D. limbata, D. kuntzei, 
D. transversa and S. pallida. Clearly D. limbata, D. trans- 
versa and S. pallida are both good hosts for L. australis, 
though wasps emerging from S. pallida are much smaller 
than those generally caught in the field, indicating that 
L. australis does not often use this host. Problcms in 
rearing D. kuntzei in the laboratory caused a consider- 
able mortality in both parasitized and unparasitized lar- 
vae. Therefore, the data cannot be used to show how 
suitable D. kuntzei is as host of L. australis. However, 
they do show that D. kuntzei is accepted as host. 
Discussion 
The breeding of insects from field collected petioles of 
H. mantegazzianum shows that L. australis is a parasitoid 
of drosophilid flies in this substrate. The results of the 
olfactometer experiments and the field experiment on 
substrate choice show that L. australis is attracted to the 
odour of decaying stalks of H. mantegazzianum, especial- 
ly when these contain larvae of D. limbata. However, 
L. australis females were also strongly attracted by the 
odour of P. impudicus containing larvae of D. phalerata. 
This result was unexpected, because during intensive field 
study of Drosophila and its parasitoids in stinkhorns, 
L. australis was never found in this substrate (Driessen and 
Hemerik pers. corn.). Moreover, the dominant Drosoph- 
ila species in P. impudicus is D. phalerata (Janssen et al. 
1988; Driessen et al. 1990), a species shown in this study 
not to be a host of L. australis. The main host of L. 
australis in H. mantegazzianum, D. limbata, has never 
been found breeding in mushrooms. 
A possible functional explanation for the attraction of 
L. australis to stinkhorns is that D. kuntzei and D. trans- 
versa are hosts for L. australis and also breed in stink- 
horns, albeit in only small numbers in The Netherlands. 
A non-functional alternative is that attraction to fungi is 
an ancestral behavioural trait which has been retained in 
L. australis. Although the distribution of utilized habitats 
among the Leptopilina species in the cladogram pre- 
sented in Fig. 1 indicates that the common ancestor of 
L. australis and L. clavipes primarily used decaying plant 
material, fungi are likely to have been used as well. 
Support for this is given by the fact that fungi are in- 
cluded among the habitats of L. heterotoma, the species 
which constitutes the outgroup of all the others in the 
cladogram. Thus, the comm;n ancestor of the entire 
longipes group ( = clavipes + australis + longipes +fim- 
briata) may have been associated with both decaying 
plants and fungi, and subsequently L. clavipes specialized 
on hosts mainly in fungi while L. australis, as well as 
L. jimbriata, became restricted to few hosts living in de- 
caying plants. 
A third interpretation is one intermediate between a 
non-functional historical and a functional one. Because 
no other natural breeding sites of D. limbata are known 
and because L. australis has only been collected from 
H. mantegazzianum, we do not know whether L. australis 
was already present as a parasitoid of D. limbata, or 
whether spread after the advent of H.  mantegazzianum 
in Europe. If the parasitoid was already present, the use 
of Heracleum as a substrate by D. limbata and L. australis 
is a recent phenomenon and the strong attraction to 
P. impudicus together with the weaker attraction to 
H. mantegazzianum can be interpreted as a recent exten- 
sion of the habitat choice of L. australis. 
Both L. australis and L. clavipes are mainly parasit- 
oids of Drosophila species of the quinaria group. 
L. australis has, as far as we know now, a more limited 
host range than L. clacipes. The latter species survives 
well in D. phalerata, D. kuntzei, D. transversa, D. suhoh- 
scura (Driessen and Hemerik unpublished) and in D. lim- 
bata (Eijs unpublished) and accepts all these hosts readily 
for oviposition, while L. australis does not oviposit in 
D. subobscura and D. phalerata. 
L. clavipes is also attracted to breeding sites of D. Urn- 
bata, like decaying cucumber, petioles of rhubarb 
(Rheum sp.) and H. mantegazzianum petioles, though less 
than L. australis (Table 3 )  and has indeed been found in 
these substrates in nature. It survives well in the major 
host species of L. australis (i.e. D. limbata, D. kuntzei, 
D. transversa and S. pallida). Therefore, the two species 
overlap in niche. Potentially, L. clavipes could fill the 
niche of L. australis completely. Evidently more research 
is needed to understand how these species coexist and to 
what extent they compete. 
L. heterotoma, though also sometimes found breeding 
in H. mantegazzianum petioles and decaying cucumbers 
shows less overlap with L. australis, because it does not 
successfully reproduce in D. limbata. L. fimhriata is, as 
far as we know, restricted to S.  pallida. Further research 
should therefore focus on the question why L. clavipes is 
not more commonly found in decaying plants like 
H. mantegazzianum as a parasitoid of D. limbata. and 
why L. australis, despite its obvious association with 
D. limbata, is so strongly attracted by the odour of 
P. impudicus. 
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